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[57] ~ ABSTRACT

An independent rear wheel suspension for an automo-
bile type vehicle wherein each wheel effects negative
camber orientation during both jounce and rebound
deflection, the suspension including a pair of control
arms supported on the vehicle body for pivotal move-

“ment about transverse axes of the body, a pair of wheel

support members connected at their lower ends to re-
spective ones of the control arms for relative pivotal
movement about longitudinal axes of the control arms,
and a pair of lateral control rods each having an out-
board end connected to a corresponding wheel support

- member above the control arm connections for univer-

sal pivotal movement and to the vehicle body at the

center plane thereof also for universal pivotal move-

ment. The lower and upper portions of each wheel
support member traverse arcs of substantially infinite
and finite, respectively, lateral radii during jounce and
rebound so that negative camber orientation is effected.

3 Claims, 6 Dr_awing Figures
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1
'VEHICLE SUSPENSION SYSTEM

BACKGROUND OF THE INVENTION

1. Field of Invention

This invention relates generally to automobile type
vehicle suspension systems and more particularly to an
improved independent rear suspension system which
develops negative wheel camber during both jounce
and rebound excursions.

2. Description of the Prior Art

In passenger car suspensions, engineers typlcally
work toward designs which combine desired suspension
performance and maximum flexibility of application,
minimum space requirement, and maximum economy.
~ With respect to performance, three important suspen-
sion characteristics are resistance to dive and squat
during braking and acceleration, roll steer during turn-
ing maneuvers, and wheel camber control during
jounce and rebound excursions. There have, of course,
been many systems proposed which are directed specifi-
cally to control of some or all of these characteristics.

Most pertinently, there has been proposed one suspen-

sion system having trailing control arms with wheel-
spindle supports pivoted to the control arms and an-
other suspension system having laterally extending con-
trol arms with wheel spindle supports pivoted to the
control arms. In the system having trailing arms, each
spindle support is cross connected to the opposite trail-
ing arm so that, while providing negative wheel camber
in jounce and rebound, the system is not independent
and requires excessive space for the cross connections.
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‘These and other features of this invention will be
readily apparent from the following specification and

from the drawmgs wherein:

FIG. 1 1s a perspective view of a suspensxon system
according to this 1nvent10n in a non-driven rear wheel
environment;

FI1G. 2 1s similar to FIG. 1 but showing the suspen-

- sion system according to this invention in a driven rear

wheel environment; |

FIG. 3 1s a schematic perspective view of a suspen-
sion system according to this invention; |

FI1G. 4 1s a schematic view taken generally along the

‘plane indicated by lines 4—4 in FIG. 3 and showing the

suspension system in an undeflected or central position;
FIG. 5 is similar to FIG. 4 but showing the suspen-

~ sion system deflected in jounce excursion; and
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In the system having lateral control arms, camber con-

trol is effected in accordance with well known princi-

ples of four bar linkage arrangements which permit

negative wheel camber in jounce and rebound but lack
desired economy because of the number of components
required. A suspension system according to this inven-

tion represents an improvement over these and other
known suspension systems.

SUMMARY OF THE INVENTION

The primary feature of this invention is that it pro-
vides an improved rear suspension system for an auto-

mobile type vehicle. Another feature of this invention is.

that it provides an improved rear suspension system
which is completely independent and adaptable for
either driven or non-driven wheel environments. Still
another feature of this invention is that it provides an
improved independent rear suspension system which is
especially suited for sub frame or cradle type installa-
tion and which provides maximum flexibility for tailor-
ing to specific applications the suspension characteris-
tics of anti-dive, anti-squat, and roll steer while provid-
Ing negative wheel camber during both jounce and
rebound excursions. A still further feature of this inven-
tion resides in the provision in the improved rear sus-
pension system of a pair of trailing arms each of which
has a generally vertically oriented wheel spindle sup-
port attached for pivotal movement about a longitudi-
nal axis of the control arm and in the provision of a pair
of lateral control rods attached at one end to the vehicle
near the longitudinal center plane for universal pivotal
movement and at the other end to a corresponding one

of the wheel spindle supports for universal pivotal

movement.
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FIG. 6 is similar to FIG. 4 but showmg the suspen-
sion system deflected in rebound excursion.

Referring now to FIG. 1 of the drawings, a suspen-
sion system according to this invention and designated
generally 10 is shown in the environment of an automo-
bile rear suspension of the non-driven type. The suspen-
sion 10 includes a rigid subframe member 12 disposed
transversely of the vehicle and adapted for attachment
by conventional means, as by rubber bushings and the
like, to the body portion of the vehicle, not shown. The
subframe member 12 incorporates two pairs of conven-
tional pivot forming devices, such as spaced lugs, which |
define a pair of laterally spaced transverse pivot axes 14
and 16. The pivot axes 14 and 16 are disposed in a com-
mon vertically oriented transverse plane of the vehicle
but, as described more fully hereinafter, are not neces-
sarily colinear. A left side suspension excursion control
arm 18 1s supported on the subframe 12 for pivotal
movement about pivot axis 14 and a right side suspen-
sion excursion control arm 20 is supported on the sub-
frame 12 for pivotal movement about the rlght pwot
axis 16. |

Left control arm 18 includes conventional mounting
means, not shown, which define an axis 22 disposed
longitudinally of the control arm and generally in the
plane thereof. Similar mounting means on the right
control arm 20 define an axis 24 which extends longitu-
dinally of the control arm 20 generally in the plane
thereof. A left side wheel spindle support member 26 is
oriented generally vertically and has a lower or first
portion connected to the control arm 18 so that the
support member is pivotable relative to the control arm
about axis 22. As described more fully hereinafter, the
lower or first portion of the spindle support member 26
1s thus constrained for movement in a generally vertical
plane perpendicular to the axis 14 during excursions of
the control arm. On the right side, a right wheel spindle
support 28 has its lower end similarly connected to the
control arm 20 so that the support member 28 is pivot-
able relative to the control arm 20 about axis 24. The
lower or first portion of the support member 28 is thus

likewise constrained for movement in a plane perpen-

dicular to axis 16. In the non-driven rear suspension
embodiment shown in FIG. 1, each wheel spindle sup-
port 26 and 28 carries conventional spindle means, not
shown, which rotatably support corresponding ones of
a pair of rear road wheels 30 and 32.

- With continuing reference to FIG. 1, a left lateral
control rod 34 is disposed transversely of the vehicle
and 1s connected at its outboard or left end, not shown,

to the spindle support 26 at a second or upper portion of

the latter for universal pivotal movement. The inboard
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or right end of the control rod 34 is connected to the
vehicle body, a portion of which is indicated at 36, by a
conventional connecting arrangement 38 for universal
pivotal movement. The connection between the control
rod 34 and the second portion of the spindle support
member 26 is spaced vertically above the axis 22 of the
control arm 18 so that, as described more fully hereinaf-

ter, the second portion of the spindle support member

traverses an arcuate path around the universal connec-
tion 38 during jounce and rebound excursions of the

control arm. On the right side, a right lateral control
- rod 40 has its inboard end similarly pivotally connected
to the vehicle body 36 by the connecting arrangement
38. The outboard end of the control rod 40 is connected
to a second or upper portion of the right spindle support
member 28 at 42 for universal pivotal movement rela-
tive to the latter so that the second portion of the spin-
dle support 28 likewise moves in an arc about universal
connection 38. As an alternative to supporting the con-
necting arrangement 38 on the vehicle body 36, the
subframe 12 may be adapted, as by means of a rigid
extension 46, shown schematically in FIG. 1, to support
the connecting arrangement 38 so that all of the suspen-
sion attaching points are located on the subframe, thus
facilitating close tolerance control between the various
suspension attaching points. |

A pair of torsion bar type springs 48 are disposed
between the subframe 12 and respective ones of the
control arms 18 and 20 and function in well known
manner to resiliently resist upward pivotal movement of
the control arms in jounce. The springs are calibrated or
“sized such that with the vehicle at curb weight i.e. car-
rying its designed-for capacity of passengers, cargo, and
fuel, the suspension system assumes an undeflected curb
height or central position with the control arms 18 and
20 and the lateral control rods 34 and 40 assuming gen-
erally horizontal attitudes as shown in FIG. 1. Respec-
tive ones of a pair of conventional shock absorbers 30,
shown schematically in FIG. 1, are disposed between
the control arms 18 and 20 and the vehicle body to
damp suspension excursions of the control arms.

Referring now to FIG. 2 of the drawings, a modified
suspension system according to this invention and des-
- ignated generally 52 is shown in the environment of an
automobile rear suspension of the driven rear wheel
type. The suspension 52 is generally similar to the sus-
pension 10 and, for convenience, the components com-
mon to the two suspensions are designated identically
except that the components shown in FIG. 2 are differ-
entiated by primed numerals. More specifically, the
modified suspension 52 includes a subframe 12’ having a
rigid rearwardly extending projection 46 integral
therewith. The subframe 12’ defines a left transverse
axis 14’ and a right transverse axis 16’. The axes 14’ and
16’ are disposed in a common vertical transverse plane
of the vehicle but are not necessarily colinear. A left
control arm 18’ is supported on the subframe for pivotal
movement about the axis 14’ and a right control arm 20’
is similarly supported on the subframe for pivotal move-
ment about the axis 16’. Control arm 18’ defines a pivot
axis 22’ and the control arm 20’ defines a pivot axis 24".
‘A left wheel spindle support member 26’ has a first or
lower portion connected to the control arm 18" for
pivotal movement about the axis 22’ and a right wheel
'spindle support member 28’ has a first or lower portion
connected to the right control arm 20’ for pivotal move-

ment about the axis 24’
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In the environment of a rear suspension of the driven
wheel type the wheel spindles, not shown, which are
rotatably supported in the support members 26 and 28,
provide means for attaching the wheels 30" and 32’ to
the vehicle and for applying torque to the wheels to
drive the vehicle. To the latter end, a universal joint
assembly 54 is disposed between the spindle on the right
side carried by support member 28’ and the outboard or

right end of a lateral propeller shaft 56. On the left side,
a similar universal joint assembly, not shown, is dis-

posed between the spindle carried by support member

26’ and the outboard or left end of a lateral propeller

shaft 58. The outboard universal joint assemblies exem-
plified by assembly 54 permit relative universal ptvotal
movement between the lateral propeller shafts 56 and
58 but rigidly resist relative lateral shiftable movement
between the propeller shafts and the support members
26’ and 28’ |

- Referring again to FIG. 2, a differential housing 60 1s
rigidly attached by conventional means to the extension
46’ of the subframe 12'. The housing supports, inter-
nally, conventional gearing which divides torque deliv-
ered from a longitudinal propeller shaft 61 between a
pair of laterally extending side shafts, not shown. On the
left, the side shaft projecting toward the wheel 30’ is
coupled to the lateral propeller shaft 58 by a left inboard
universal joint assembly 62 and on the right the side
shaft projecting toward wheel 32’ is coupled to the
lateral propeller shaft 56 by a right inboard universal

30 joint assembly 63. Accordingly, in conventional man-

35

ner, torque applied to longitudinal propeller shaft 61 is
applied to the wheels 30’ and 32’ to drive the vehicle.

The inboard universal joint assemblies rigidly resist
relative lateral displacement between the lateral propel-
ler shafts 56 and 58 and the differential side shafts. Con-
ventional retainer means, not shown, are provided
within the differential housing 60 and function to pre-
vent lateral displacement of the side shafts. Accord-
ingly, the lateral propeller shafts 56 and 58 function,
through the inboard and outboard universal joint assem-
blies and the differential side shafts, to laterally locate
the wheel spindles and to constrain second or upper
portions of the wheel spindie support members 26’ and
28’ to move in arcuate paths about the inboard universal

45 joint assemblies 62 and 63, respectively. The lateral
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propeller shafts are thus functionally identical to the
lateral control rods 34 and 40 of the non-driven suspen-
sion system 10 of FIG. 1 with the exception that the
inboard universal joint assemblies 62 and 63 are located
on opposite sides of the longitudinal center plane of the
vehicle and spaced a relatively short lateral distance
therefrom. Optimally, suspension systems according to
this invention contemplate lateral control members
connected to the body generally at the center plane
thereof as in suspension system 10 of FIG. 1. However,
as will be seen hereinafter, lateral displacement of the
pivotal connections from the center plane eifects only a
shortening of the radii of the arcs traversed by the sec-
ond or upper portions of the spindle support members
during jounce and rebound excursions. Foreshortening
of the arcs traversed does not change the negative cam-
ber characteristics and may, in particular applications,
be desirable.

With respect to driven rear wheel environments such
as shown in FIG. 2, further modified suspension systems
according to this invention are suggested. In particular,
the fixed differential housing and lateral propeller shaft
arrangement of modified suspension system 52 can be
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functionally replaced, in part, by a differential housing
pivotally attached to the body or to extension 46’ of
subframe 12'. The pivoted differential housing carries a -
rigidly extending lateral propeller shaft which is pivot-
ally connected to the upper or second portion of one of 5
the spindle support members by an outboard universal
joint assembly thereby providing the guidance function
of the corresponding lateral propeller shaft of suspen-
“sion system 52. To accommodate longitudinal displace-
ment, of course, the differential housing can be sup- 10
ported through resilient bushings or the like. On the
opposite side, a second lateral propeller shaft has an
outboard universal joint connection to the correspond-
1ng spindle support member and an inboard universal
- joint connection located within the differential housing 15
- generally on the pivot axis of the differential housing.
The second lateral propeller shaft resists lateral dis-
- placement and thereby provides the guidance function
of the corresponding lateral propeller shaft of suspen-
sion system §2. It will be apparent that in the further 20
modified system described economy has been effected
by the elimination of one of the four universal joint
assemblies necessary in suspension system 52.

Referring now to FIGS. 3 through 6, FIG. 3 is a
schematic perspectwe view of a portion of the non- 25
driven suspension system 10 wherein the components
have been reduced, for simplicity, to single line and
point contact representations. More particularly, the
left control arm 18 includes a radial portion 66 and an
integral laterally extending portion 68. Two legs 69 at 30
the forward end of the control arm 18 at opposite ends
of and rigid with the lateral portion 68 terminate at
hinge connections 70 which allow pivotal movement of
the control arm 18 about the transverse axis 14 of the
‘vehicle. The hinge connections 70 resist any other mo- 35
tions of the control arm. The control arm 18 further
includes a pair of rigid laterally extending lugs 72 and 74
which support at hinge connections 76 and 78 a first or
lower longitudinally extending portion 80 of the spindle
support member 26. The spindle support member is
thereby mounted on the control arm 18 for pivotal
movement about the axis 22 while the lugs and the
hinge joints resist any other movement of the spindle
support relative to the control arm. The spindle support
member 26 further includes a vertically extending sec-
tion 82 from which rigidly projects a spindle 84 on
which the road wheel is rotatably mounted. The verti-
cal section 82 terminates at an outboard universal joint
assembly 86 which connects the outboard end of lateral
control rod 34 to a second or upper portion of the spin-
dle support member 26 for universal pivotal movement.
The second portion of the spindle support member is
spaced vertically above the first portion. The inboard
end of the lateral control rod 34 terminates at the uni-
versal joint connection 38 which connects the lateral
control rod to the vehlcle body portlon 36 for universal
‘pivotal movement. |

Referrmg to FIG. 4 the schematic suspension system
is shown in the central or curb height position corre-
sponding to the vehicle at rest and carrying its design
load of passengers, fuel, and baggage. In this position
‘the lateral control rod 34 and the control arm 18 assume
generally horizontal attitudes while the spindle support
member 26 1s disposed generally vertically. In a jounce
excursion or deflection, FIG. 5, the control arm 18
pivots upward, counterclockwise in FIG. 3, with the
first or lower portion 80 of the spindle support member
between the lugs 72 and 74 traversing an arc about axis
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6

14 in a vertical plane. Simultaneously, the vertical sec-

_tion 82 of the spindle support moves upward with the

outboard universal joint connection 86 being con-
strained by the lateral control rod to traverse a path on
a sphere having inboard universal joint connection 38 at
its center. With respect only to lateral displacement of
the first or lower and the second or upper portions of
the spindle support member 26 and disregarding the
longitudinal displacement thereof, the second portion of
the spindle support 26 traverses an arc of finite radius
substantially equal to the length of lateral control rod

34. The first portion of the spindle support, however,
- traverses a vertical path and therefore can be said to be

moving on an arc of infinite lateral radius. Accordingly,
as seen in FIG. 5, in a jounce deflection the second or

“upper portion of the spindle support moves inboard of

the first or lower portion causing the support member
26 to pivot counterclockwise, FIG. 5, about axis 22
from the vertical orientation assumed at curb height.
When the spindle support 26 pivots counterclockwise
the spindle 84 is caused to project above the horizontal

- attitude assumed at curb height thus effectmg a negatwe -

camber orientation. |
Similarly, referring to FIG. 6, in rebound deflection

the control arm 18 pivots downward, clockwise in FIG.

3, about the transverse axis 14 causing the first or lower

- portion of the spindle support member to move in a

vertical plane or, as described above, on an arc of infi-
nite lateral radius. Likewise, the second or upper por-
tion of the spindle support member is constraind by the
lateral control rod to move in a spherical path about
inboard untversal joint connection 38 with lateral dis-
placement being along an arc of finite radius substan-

-tially equal to the length of rod 34. It is once again seen,

then, that in rebound deflection, as in jounce, the second
or upper portion of the spindle support moves inboard
of the first or lower portion causing the spindle 84 to

project above the horizontal attitude and thus effect

negative camber once again. Accordingly, it is seen that
in both jounce and rebound excursions of the suspension
system the wheel spindle 84 and attached wheel effect

~ negative camber orientation.

While only the control of camber has been specifi-
cally shown and described, it will be apparent that the
suspension system according to this invention can be .
tailored to also provide anti-squat, anti-dive and roll
steel characteristics. More particularly, it will be evi-
dent that altering the attitude of the control arms 18 and

- 20 above or below horizontal at the curb height or

central position will alter the longitudinal displacement
of the spindle during jounce and rebound deflections.
Since anti-dive and anti-squat characteristics are known
to be functions of such longitudinal displacement, the
designer can, with relative ease, incorporate the desired
degree of anti-squat or anti-dive. Similarly, it will be
evident that changing the attitude of each of axes 14 and
16 above or below horizontal but still in the vertical
plane will cause the spindles, exemplified by spindle 84,
to project in front of or behind a transverse plane during
jounce and rebound deflections. Since roll steer is
known to be a function of such changes, the designer
can again, with relative ease, incorporate a desired de-
gree of roll steer into the system.

- Having thus described the invention, what is claimed
1S: | -
1. In an independent suspension system for a vehicle
having a body member, a pair of laterally spaced road
wheels, a pair of laterally spaced control arms disposed
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on said body member for independent pivotal move-
ment in jounce and rebound directions from a central
position about respective ones of a pair of pivot axes
disposed in a transverse vertical plane of said body
member, a pair of spindle support members each
adapted to rotatably support a respective one of said
‘road wheels, and hinge means connecting a first portion
of each of said spindle support members to respective
ones of said control arms for pivotal movement about
generally longitudinal axes defined by said respective
ones of said control arms so that each of said spindle
_support member first portions moves in a plane perpen-
dicular to a corresponding one of said pivot axes during
- jounce and rebound deflections of corresponding ones
of said road wheels, the improvement comprising, a pair
of laterally extending control means disposed between
said body member and respective ones of said spindle
support members operative to constrain a second por-
tion of each of said spindle support members spaced
vertically above corresponding ones of said first por-
tions to move laterally along an arc of finite radius
during jounce and rebound deflections of sald road
wheels.

2. In an independent suspension system for a vehicle
having a body member, a pair of laterally spaced road
wheels, a pair of laterally spaced control arms disposed
on said body member for independent pivotal move-
ment in jounce and rebound directions from a central
position about respective ones of a pair of pivot axes
disposed in a first transverse vertical plane of said body
member, a pair of spindle support members each defin-
ing spindle means for rotatably supporting respective
ones of said road wheels, and hinge means connecting a
first portion of each of said spindle support members to
respective ones of said control arms for pivotal move-
- ment about generally longitudinal axes defined by said
respective ones of said control arms so that each of said

8

of said spindle support member second portions to
move laterally along an arc of finmite radius during
jounce and rebound deflections of said road wheels, the
combination of movement of said spindle support mem-

“ber first portions in planes perpendicular to said pivot

axes and movement of said spindle support member
second portion on arcs of finite lateral radii cooperating
to effect negative camber orientation of each of said
spindle means independently of the other during both

10 jounce and rebound deflections of said road wheels.
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3. An improved independent suspension system for an
automobile type vehicle having a body member and a
pair of laterally spaced road wheels comprising, in com-
bination, a subframe member, means attaching said sub-
frame member to said body member, a pair of laterally
spaced control arms, means supporting each of said
control arms on said subframe for pivotal movement in
jounce and rebound directions from a central position
about respective ones of a pair of pivot axes disposed in
a first transverse vertical plane of said body member, a
pair of spindle support members each having a spindle
for rotatably supporting corresponding ones of said
road wheels, hinge means connecting a first portion of
each of said spindle support members to corresponding
ones of said control arms for pivotal movement about
generally longitudinal axes of said corresponding con-

- trol arms so that each of said spindle support member

30
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spindle support member first portions moves in a plane -

perpendicular to a corresponding one of said pivot axes
during jounce and rebound deflections of correspond-
ing ones of said road wheels, the improvement compris-
-ing, a pair of laterally extending control means disposed
- in a second transverse vertical plane of said body mem-

ber in which is also disposed each of said spindle means

when said .control arms are in said central position,
“means connecting an outboard end of each of said con-
trol means to a second portion of a corresponding one
of said spindle support members for relative universal
pivotal movement, each of said spindle support member
second portions being vertically spaced above the cor-
responding one of said first portions, and means con-
necting an inboard end of each of said control means to
said body member for universal pivotal movement, said
control means thereby being operative to constrain each

45
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first portions moves in a plane perpendicular to a corre-

sponding one of said pivot axes during jounce and re-
bound deflections of corresponding ones of said road
wheels, a pair of laterally extending control rods dis-

posed in a second transverse vertical plane of said body

member in which is also disposed each of said spindles
when said control arms are in said central position,
means connecting an outboard end of each of said con-
trol rods to a second portion of a corresponding one of
said spindle support members for relative universal
pivotal movement, each of said spindle support member
second portions being vertically spaced above the cor-
responding one of said first portions, and means con-
necting an inboard end of each of said control rods to
said body member at the longitudinal -center plane
thereof for universal pivotal movement so that each of
said spindle member second portions is constrained to
move laterally along an arc of finite lateral radius dur-
ing jounce and rebound deflections of said road wheels,
the combination of movement of said spindle support
member first portions in planes perpendicular to said
pivot axes and movement of said spindle support mem-
ber second portions on arcs of finite lateral radii cooper-
ating to effect negative camber orientation of each of

‘said spindles independently of the other during jounce
-and rebound deflections of said road wheels.

* * %X % X%
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